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© Synthetic, crystalline, porous material containing oxides of silicon, titanium and gallium. 

^© A synthetic, crystalline, porous material is disclosed, together with the related preparation process. 
lf> Such material of zeoiitic nature containing oxides of silicon, titanium and gallium corresponds, in the calcined 
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and anhydrous state, to the following empyrical formula: 



pHGaOz . qTi02 . Si0 2 . 

<g wherein £ has a value greater than zero and smaller than or equal to 0.050, and g has a value greater than zero 
^ and smaller than or equal to 0.025. and the H* of HGa02 can be at least partially replaceable or replaced by 
cations. 
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"SYNTHETIC, CRYSTALLINE, POROUS MATERIAL CONTAINING OXIDES OF SILICON, TITANIUM AND 

GALLIUM" 

The present invention relates to a synthetic material containing silicon, titanium and gallium oxides, 
having a porous, crystalline structure of zeolitic nature, and to the process for producing said material. 

Such material is structurally similar to zeolite ZSM-5 disclosed in US-3.702,886. formally constituted in 
its calcined and anhydrous form, by M^O. SiCfc. AfcCb (wherein M = a cation of valence n). 

Other synthetic materials structurally correlated to zeolite ZSM-5 are known, such as that disclosed in 
US-4,061 ,724, formally constituted, in its calcined and anhydrous form, by SiCfe and that disclosed in BE- 
886.812, formally constituted, in its calcined and anhydrous form, by SiCfe and T1O2. 

We have found now a novel synthetic zeolite, which we'll call as titanium-gallium-silicalite. structurally 
similar to silicalite, which can be used either as a molecular sieve, or as an ion-exchange material, or as a 
catalyst in the following reactions: cracking, selectoforming, hydrogenations and dehydrogenations. 
oiigomerizations. alkylations. isomerizations. water removal from oxygen-containing organic compounds 
selective oxidations and hydroxylations of organic substrates with H2O2 (e.g., oxidation of olefins, diolefins 
alcohols, hydroxylations of aromatics, etc.). 

The synthetic, crystalline, porous material of zeolitic nature of the present invention, containing oxides 
of silicon, titanium and gallium, meets, in its calcined and anhydrous state, the following empirical formula- 
pHGa02 . qT102 . Si02 

wherein £ has a value larger than zero and smaller than or equal to 0.050. and 3 has a value larger than 
zero and smaller than or equal to 0.025; and the- H + of HGaCb can be at least partially replaceable or 
replaced, by cations. 

The passage from a cationic form to another cationic form can be carried out with the usual exchange 
processes known from the prior art. 

The synthetic material in accordance with the present invention results crystalline when tested by X-ray 
examination. 

Such examination was carried out by powder-diffractometer equipped .with an electronic. pulse counting 
system, using the CuK-alpha radiation. To compute the intensity values, the heights of the peaks were 
measured, and referred, as a percentage, to the most intense peak. 

The main reflections for the calcined and anhydrous product are characterized by the following values 
of d (wherein d is the interplanar distance): 
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C wherein vs = 


= very 


strong; s = 


= strong; m = medium; 



me di urn-weak) . 

75 Such a diffraction spectrum is essentially similar to that of ZSM-5, and, consequently, to the other 
zeolites which are structurally correlated to ZSM-5, which have been mentioned at the beginning of the 
present disclosure. 

The material of the present invention shows an I.R. spectrum characterized by the following most 
representative values of wn (wherein wn is the wave number): 
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(wherein s = strong; ms = medium-strong; m = medium; mw = 
medium-weak; w = weak). 



In Figure 1, the I.R. spectrum is reported, wherein on the abscissa the wave number as cm" 1 and on 
the ordinate the percent transmittance are reported. 

Such I.R. spectrum is essentially similar to that of the zeolite disclosed in BE-886,812, and is 
considerably different from that of ZSM-5 (or from similar structures), shown in Figure 2. 

One can observe that in the spectrum the band at 965-975 cm~\ characteristic of the titanium-silicalite 
of BE-886,812 and of titanium-gallium-silicalite is absent. 
45 Summing-up, the herein disclosed material is different from ZSM-5 of US-3,702,886, both due to its 
empirical formula, and due to its I.R. spectrum, and is different from the zeolite of BE-886,812 due to its 
empirical formula. 

Furthermore, the use of the material of the present invention as a catalyst in the above listed reactions 
is a further confirmation of the difference of our. product relatively to those known from the prior art. 
^ In fact ZSM-5 of US-3,702,886 is used as a catalyst in such reactions as water removals from oxygen- 
containing organic compounds, cracking, selectoforming, hydrogenations and dehydrogenations. 
oiigomerizations, alkylations, isomerizations, but results inactive in the reactions between organic substrates 
and H2O2 (hydroxy lation of phenol to diphenois. oxidation of olefins, etc.). whilst the zeolite of BE-886,812 
results to be inactive in the first reactions and active in the last reactions; on the contrary, the herein 
disclosed zeolite is active in all of the above cited reactions. 

A second object of the present invention is the process of preparation for obtaining the above disclosed 
synthetic, crystalline, porous material. 
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Said process is characterized in that under hydrothermal conditions a silicon derivative, a titanium 
derivative, a gallium derivative and a nitrogenous organic base are reacted, with a SiOj/GajOa molar ratio of 
the reactants larger than 100. preferably comprised within the range of from 150 to 600. an Si(VTiC>2 molar 
. ratio of the reactants larger than 5, preferably comprised within the range of from 15 to 25. an H2O/S1O2 
molar ratio of the reactants preferably comprised within the range of from 10 to 100, more preferably 
comprised within the range of from 30 to 50. possibly in the presence of one or more alkali-and or alkali- 
earth-metal salts and/or hydroxides, with a molar M/S1O2 ratio (wherein M is the alkali-and/or alkaJi-earth- 
metal cation) of the reactants smaller than 0.1 . preferably smaller than 0.01 . or equal to zero. 

In the empirical formula of the material, gallium has been shown in HGa02 form, to underline that the 
material is in H + form. When the ratios between the various reactants are discussed, for gallium GajCb form 
is used, in that it is more usual. 

The silicon derivative fs selected from silica gel. silica sol and alkylsilicates. among which tetraethyl- 
silicate is the most preferred; the titanium derivative is selected from titanium salts, such as. e.g.. titanium 
halides, and organic titanium derivatives, such as, e.g.. alkyl-titanates. preferably tetraethyl-tita'nate; the 
gallium derivative is selected from its salts, such as. e.g., gallium halides. nitrates and hydroxides. 

The nitrogenous organic base can be an alkyl-ammonium hydroxide, preferably tetrapropyl-ammonium 
hydroxide. 

In case tetrapropyl-ammonium hydroxide is used, the TPA*7Si02 ratio (wherein TPA = tetrapropyl- 
ammonium) of the reactants is comprised within the range of from 0.1 to 1, preferably of from 0.2 to 0.4. 
The reactants are reacted by operating at a temperature comprised within the range of from 100 to 200°C. 
At a pH comprised within the range of from 9 to 14, preferably of from 10 to 12, and for a time ranging from 
1 hour to 5 days. 

According to another form of practical embodiment of the present invention, titanium-gallium-silicalite 
can be in the form bonded with amorphous oligomeric silica, with an amorphous oligomeric silica/titanium- 
gallium-silicalite molar ratio comprised within the range of from 0.05 to 0.2, wherein the titanium-gallium- 
silicalite crystals are linked by Si-O-Si bridges, the mass of crystals of titanium-gallium-silicalite with silica 
being in the form of microspheres having a diameter comprised within the range of from 5 to 1000 urn. 

The process for preparing the catalyst with the bonding agent is based on the use of an aqueous 
solution of Silica and tetraalkyl-ammonium hydroxide, obtained by hydrolysing a tetraalkyl-silicate, prefer- 
ably tetraethyl-orthosilicate. in an aqueous solution of tetraalkyl-ammonium hydroxide. 

The alkyl radicals in the tetraalkyl-ammonium moiety contain a number of C atoms comprised within the 
range of from 1 to 5. 

The hydrolysis is carried out in the liquid phase at a temperature comprised within the range of from 
room temperature to 200 °C. and preferably within a time of from 0.2 to 10 hours. 

In such a solution, silica is in an oligomeric form, and at high enough pH values, i.e., at a pH £10. 

When crystalline titanium-gallium-silicalite with very fine crystals is dispersed in this solution, the crystal 
surface is partly attacked by the alkalinity of the medium: such situation favours the formation of stable 
chemical bonds between the surface of the crystals and the oligomeric silicates in solution. By rapidly 
drying this suspension, by means of a spray-dryer, water is removed, and at the same time the crosslinking 
occurs of the oligomers, leading to the obtainment of microspheres formed by a tridimensional lattice 
wherein the zeolite crystallites are strictly linked by Si-O-Si bridges. 

Before being used, the microspheres are calcined first under an inert medium (H 2 . N 2 . etc.). then they 
are oxidated at a temperatur comprised within the range of from 150 to 700 °C, preferably of from 500 to 
600 °C. 

The optimum concentration of total solids (SiCfe. titanium-gallium-silicalite. TAA-OH) of the suspension to 
be atomized is of from 10% to 40% by weight. By varying the concentration of the solids in the suspension, 
or the dimensions of the atomizer, the average diameter of the obtained particles can be varied. The 
diameter of the catalyst microspheres can be thus varied within the range of from 5 to 1000 urn. with the 
most suitable dimensions for any particular desired application being selected. 

In order to better illustrate the meaning of the present invention, some preparation and application 
examples are hereunder reported, which anyway have mot to be understood as being limitative of the same 
invention. 
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Example 1 

6.1 g of Ga(N03b.8H20 is dissolved in 70 g of C2H5OH and the so-obtained solution is added, with mild 
stirring, to a solution constituted by 22.7 g of tetraethyl-titanate and 416 g of tetraethyl-silicate. 
5 The so-obtained clear alcoholic solution is added, with moderate stirring, to 870 g of an aqueous 
solution at 14% of tetrapropyf-ammonium hydroxide. The mixture is maintained stirred, while being possibly 
heated, until a single-phase, clear solution is obtained. Then, 700 g is added of demineralized water, with 
the mixture being stirred for a further hour. The obtained mixture is then charged to a stirred stainless-steel 
autoclave, and is heated, under its autogenous pressure, up to the temperature of 170°C. These conditions 
.10 are maintained for 15 hours, the autoclave is then cooled and the reaction mixture is discharged. The 
obtained suspension is centrifuged-and the solid is washed by re-dispersion and centrifuging, is dried at 
120°C and is then calcined at 550°C for 4 hours. 

The obtained product is then exchanged by the known processes into the protonic form. 
The chemical analysis shows that the anhydrous product has the following composition; 
rs Si02/Ga203 = 195.5; 
Si02/Ti0 2 = 54.2. 

The powder X-ray diffraction analysis shows that the product is crystalline, and has a ZSM-5-type 
structure. The I.R. spectrum thereof is shown in Figure 3. 



Examples 2-6 

By the same modalities as of Example 1, five preparations are carried out, for which the molar 
compositions of the reactant mixtures and of the obtained products, as they result from the chemical 
25 analysis, are reported in Table 1. 

In the Examples 3 and 6 crystallization times and temperatures have been modified. Particularly in 
Example 3 crystallization has been effected in 3 hours at 190°C and in Example 6 in 5 days at 100°C. 

The reaction mixture prepared as disclosed in Examples 2 under the described conditions does not 
crystallyze, but it remains as an amorphous product having a jelly consistency. 
30 The products from Examples 3 through 6 are crystalline and the X-ray diffraction analysis shows that 
they are structures of ZSM-5 type. 

The I.R. spectra are shown in Figure 3. 



35 Example 7 

By the same modalities as of Example 1 , a reaction mixture is prepared, which has the following molar 
ratios: 

SiCVTiOa = 20; 
40 SiCVGapOa = 200; 
TPA + /Si02 = 0.3; 
H20/Si02 = 40. 

The only difference consists in that gallium nitrate is directly dissolved in the solution at 14% of 
tetrapropyl-ammonium hydroxide, and not in ethyl alcohol. The reaction mixture is charged to the autoclave, 
45 and is left standing at 15 hours at 170°C under its autogenous pressure. The discharged product is 
centrifuged and washed twice by re-dispersion and centrifugation, it is then dried one hour at 120°C and is 
then calcined 4 hours at 550°C in air. 

The product obtained in the calcined and anhydrous form has the following chemical composition: 
SiOzffiO* = 38.2; ~" 
50 SiOa/GazOa =140. 

The powder X-ray diffraction analysis shows the presence of a crystalline structure of ZSM-5 type, and 
of traces of crystalline T1O2 (anatase). 

In Rgure 3, the I.R. spectra are reported of the galjium-titanium-silicalites of Examples 1 and 3 through 
7. - 

55 From Rgure 4, it can be seen how the Si(Vn02 ratio in the obtained product decreases with increasing 
SiCVGaKk ratio, until it stabilizes around a value of 40-50 for an SiCfe/GazOa ratio larger than 200. 

From Rgure 5, it can be seen how in the I.R. spectrum the value varies of the relative intensity ratio 
between the band at 970 cm" 1 (h), attributed to structural titanium, and a silicalite band at 550 cm" 1 . 
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Such an intensity ratio increases with increasing SiCVGazQj ratio and this fact indicates than titanium in 
the crystalline lattice actually increases with decreasing gallium. 

From Figure 6, it can be seen how with increasing values of gallium found in the chemical analysis, the 
exchange capacity of the obtained zeolite increases; this demonstrates that gallium found on chemical 
5 analysis is really structural gallium. 



Example 8 

*to In this Examples, the preparation is shown of the catalyst of Example 1 with a bonding agent. 

100 g of Ga(N03)3.8H20 is dissolved in 1,050 g of C2H5OH and the so-obtained solution is added, with 
mild stirring, to a solution constituted by 340.5 g of tetraethyl-titanate and 6,240 g of tetraethyl-silicate. 

The so-obtained clear alcoholic solution is added, with moderate stirring, to 13,000 g of an aqueous 
solution at 14% of tetrapropyl-ammonium hydroxide. The mixture is maintained stirred, while being possibly 
T5 heated until a single-phase, clear solution is obtained. Then, 10,500 g is added of demineralized water, with 
the mixture being kept stirred for a further hour. The resulting mixture is then charged to a stirred stainless- 
steel autoclave, and is heated, under its autogenous pressure, up to the temperature of 170 o Ci These 
conditions are maintained for 15 hours, the autoclave is then cooled and the reaction mixture is discharged. 
The obtained suspension is centrifuged and the solid is washed by re-dispersion and centrifuging. 
* 20 550 g of tetraethyl-silicate is added with stirring to 590 g of an aqueous solution of tetrapropyl- 
ammonium hydroxide at 12%, and the resulting mixture is stirred for approximately 60 °C for 1 hour; then, 
2,400 g of demineralized water is added, and the solution is kept stirred a further hour, while being made 
cool down to approximately 25 °C. 

Into the so-obtained clear solution, 2,050 g is carefully dispersed of the washed centrifugation cake, 
25 prepared as disclosed above. The centrifugation cake contains approximately 70% by weight of zeolite. 

The resulting milky suspension is fed to a spray-dryer (NIRO-ATOMIZER; disk-atomized; inlet air 
temperature 30G°C; outlet air temperature 1 20 °C;" chamber diameter 1.5 m), compact microspheres being 
obtained, which have an average diameter close to. 20 urn. 

The atomized product is heated to 550 °C under a N2 atmosphere; the atmosphere is gradually turned 
30 from N 2 into air, and the product is maintained a further two hours at 550°C in air. 
The obtained solid has the following composition, expressed as molar ratios: 
SiOj/GasOa = 217; 
. SiOs/TiCh = 60. 

35 

Example 9 

4 g of catalyst according to Example 4 and 60 ml of 1-octene are charged to a glass autoclave and are 
"then heated to the temperature of 200°C, with stirring, for 5 hours. After cooling, the suspension is filtered 
40 and the products are analysed by gas-chromatography and mass spectrometry. 
1-Octene conversion: 18% 
Selectivity to dimers: 95% 
Selectivity to trimers: 5% 

45 

Example 10 

To a steel autoclave of 1 litre of capacity, equipped with mechanical stirrer and temperature control 
system. 373 g of methanol, 4 g of catalyst according to Example 8, 5.0 g of benzene (as the internal 

50 standard for gas-chromatographic analysis) and 45 g of 1-butene are charged. After adjusting the 
temperature at the controlled value of 22°C. to the suspension 20 ml of hydrogen peroxide at 33% (w/v) is 
added with intense stirring. The reaction is monitored by drawing samples for analysis and filtering them. 
Hydrogen peroxide is measured by iodometric titration, and the reaction 'products are measured by GLC, 
with an 1.8-metre long column packed with Poropak PS. Forty-five minutes later the situation is as follows: 

55 Converted H2O2: 85% 

1 ,2-Epoxybutane: 0.0326 mol 

1- Methoxy-2-hydroxy butane: 0.0795 mol 

2- methoxy-1-hydroxybutane: 0.0517 mol 
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Example 1 1 

To a an autoclave of 1 litre of capacity, equipped with mechanical stirrer, temperature control system, 
and constant pressure control system, 193 g of methanol, and 4.0 g of catalyst according to Example 4 are 
5 charged. To a vessel connected with the autoclave, 1 1 2. g of H2O2 at 32% (w/w) is charged. After adjusting 
the temperature to the controlled value of 22°C, and pressurizing with propylene, with stirring, at 300kPa 
(with this pressure being kept constant during the whole reaction time), to the suspension inside the 
autoclave all hydrogen peroxide is added at a time. 

The reaction is monitored by drawing samples of suspension, which are filtered and analysed. 
,70 Hydrogen peroxide is measured by iodometric titration, and the reaction products are measured by gas- 
chromatography on an 1 .8-metre long column packed with Poropak PS. After 45 minutes, the situation is as 
follows: 

Converted H2O2: 88% 
Propylene oxide: 6.02 x 10~ 3 mol 
75 1 -Methoxy-2-hydroxypropane: 52.0 x 10~ 3 mol 
2-methoxy-1-hydroxypropane: 34.6 x 10~ 3 mol 



Example 12 

» 20 

To a small glass flask of 250 cc of capacity, in the following order: phenol, 99.8 g; water. 24.2 g; 
acetone, 18,5 g; catalyst, prepared as per Example 5, 5 g; are charged. 

The reaction mixture is heated to 100°C, with stirring, and refluxing; then, under the same conditions, 
within a 45-minute time 15.4 g of H2O2 at 60% w/w is added dropwise. 
25 Sixty minutes after the beginning of the addition, all H2O2 has been converted, and the reaction products 
are analysed by gas-chromatography. 

A yield of diphenols of . 

. . , obtained diphenoL mol .„ _ 

30 yield = Zi,~7i 7 — x 100 = 74,?% 

charged ^ 2 2 m 

5 is obtained. 

35 The residual amount of H2O2 is converted into pitches and O2. In the obtained diphenols. the ortho/para 
ratio is 1 .26. 
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Claims 

5 

1. Synthetic, crystalline, porous material of zeolitic nature, containing oxides of silicon, titanium and 
gallium, characterized in that it, in its calcined and anhydrous state, meets the following empirical formula: 
pHGa02 . qTi02 . Si02 

wherein p has a value larger than zero and smaller than or equal to 0.050, and $ has a value larger than 
10 zero and smaller than or equal to 0.025; and the H* of HGa02 can be at least partially replaceable, or 
replaced, by cations; that it shows a powder X-ray diffraction spectrum, whose most meaningful lines are: 
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wherein d are the interplanar distances, expressed as A, and l^, are the relative intensities, wherein vs 
40 means very strong; s = strong; m = medium; mw = medium-weak, and W = weak; and that it shows an 
LR. spectrum having at least the following bands: 
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wherein wn is the wave number, as cm" 1 , and Irei are the relative intensities, wherein s means strong, ms = 
medium-strong; m = medium; mw = medium-weak; w = weak. 
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2. Process for the preparation of the synthetic, crystalline, porous material according to claim l, 
characterized in that under hydrothermal conditions a silicon derivative, a titanium derivative, a gallium 
derivative and a nitrogenous organic base are reacted, possibly in the presence of one or more alkali-or 
alkali-earth-metai salt(s) and/or hydroxide(s), with an SiO^Ga^ molar ratio of the reactants larger than 100, 
an SiCVTi02 molar ratio of the reactants larger than 5. and an M/Si0 2 molar ratio of the reactants (wherein 
M is an alkali-and/or alkali-earth-metal cation) of the reactants smaller than 0.1, or equal to zero. 

3. Process according to claim 2, wherein the H 2 0/Si0 2 ratio of the reactants is comprised within the 
range of from 10 to 100. 

4. Process according to claims 2 and 3, wherein the SiCVGaK^ molar ratio of the reactants is 
comprised within the range of from 150 to 600. the Si(VTi0 2 molar ratio of the reactants is comprised within 
the range of from 15 to 25, the HbO/SiCk molar ratio of the reactants is comprised within the range of from 
30 to 50. and the M/Si0 2 molar ratio of the reactants is equal to zero. 

5. Process according to claim 2. wherein the silicon derivative is selected from silica gel, silica sol and 
alkyl-silicates. the titanium derivative is selected from titanium salts and organic titanium derivatives, gallium 
derivative is selected from salts. 

6. Process according to claim 5. wherein the alkyl-silicate is tetraethyl-silicate. 

7. Process according to claim 5, wherein the titanium salts are haiides. 

8. Process according to claim 5, wherein the organic titanium derivatives are alkyl-titanates. 

9. Process according to claim 8. wherein the alkyl-titanate is tetraethyl-titanate. 

10. Process according to claim 5. wherein the gallium salts are selected from haiides. nitrates and 
hydroxides. 

11. Process according to claim 2, wherein the nitrogenous base is alkyl-ammonium hydroxide. 

12. Process according to claim 1. wherein the alkyl-ammonium hydroxide is tetrapropyl-ammonium 
hydroxide. 

13. Process according , to claim 2, wherein the reactants are reacted by operating at a temperature 
comprised within the range of from 100 to 200 °C. at a pH value comprised within the range of from 9 to 14, 
and for a time comprised within the range of from 1 hour to 5 days. 

14. Process according to claim 12, wherein the TPA"7Si0 2 molar ratio of trie reactants is comprised 
within the range of from 0.1 to 1. 

15. Process according to claims 4, 6. 9, 12 and 14. wherein the TPAVSiCk molar ratio of the reactants 
is comprised within the range of from 0.2 to 0.4. 

16. Catalyst based on silicon, titanium and gallium, characterized in that it is formed by microspheres 
and is constituted by oligomeric silica and by crystals of the material according to claim 1. with an 
oligomeric silica/titanium-gallium-silicalite molar ratio comprised within the range of from 0.05 to 0.2, 
wherein the crystals of titanium-gallium-silicalite are linked with one another by means of Si-OSi bridges. 

17. Catalyst according to claim 16, wherein the microspheres have a diameter comprised within the 
range of from 5 to 1 .000 um. 

18. Process for the preparation of the catalyst according to claims 16 and 17 characterized in that in an 
aqueous solution of silica and tetraalkyl-ammonium hydroxide, obtained by hydrolysing in the liquid phase a 
tetraalkyl-orthosilicate in an aqueous solution of tetraalkyl-ammonium hydroxide at a temperature comprised 
within the range of from room temperature to 200 °C and for a time comprised within the range of from 0.2 
to 10 hours, titanium-silicalite crystals are dispersed, a suspension of titanium-silicalite and oligomeric silica 
being obtained, and the obtained suspension is submitted to a fast drying. 

19. Process according to claim 18, wherein the tetraalkyl-orthosilicate is tetraethyl-orthosilicate. 

20. Process according to claim 18, wherein the hydrolysis is carried out at a temperature comprised 
within the range of from 40 to 100°C. 

21 . Process according to claim 18, wherein the tetraalkyl-ammonium has its alkyls with a number of 
carbon atoms comprised within the range of from 1 to 5. 

22.Process according to claim 21, wherein the teitraalkyl-ammoniumis tetrapropyl-ammonium. 
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